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1. Title of the Invention: NONORISNTED ELECTROMAGNETIC 

STEEL SHEET HAVING WEATRERABILITY AND PRODUCTION METHOD 
THEREFOR 

2 « Claims 

(1) A nonoriented electromagnetic steel sheet having 
va&therahility,. comprising, on a weight basis,, C £ 0.015%, 
Si 1 to 3>S%> Mn £ D,5% ? and Cr 1 to 5,5% as maia 

const itnant alloying elements and the balance being Fe an4 

(2) A production method for a nonoriented electromagnetic 
steel sheet having weathezability, comprising hot-xQiiing 
and pickling an ingot or a continuously c&st workpiee© 
containing C < 0.1%, Si I to 3.5%/ Mn < 0.5%, and cr 1 to 
5.5%: as main constituent alloying elements and the balance 
being Fa and impurities by employing a conaaon process, cold- 
rolling the resulting product twice with annealing performed 
therebetween t and finish-annealing the resulting product by 
retaining the resulting product at 850 a C to 12Q0*C in a 
reducing atmosphere for 20 hours or less so that C £ 0.015% 

3. Detailed Description of the Invention 

The present invention relates to a non-oriented 
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electromagnetic steel sheet having weather ability and a 
production method therefor. In particular, the present 
invention relates to a nonoriented electromagnetic steel 
sheet hearing weatherabiiity and chat exhibits magnetic 
properties such as an iron loss W ic ./sc of about 40 to 0.9 W/kg 
and a magnetic flux density Sao of about 1-30 to 1.71 wb/'m" 
whan processed into a sheet having a thickness of 0.5 m/m> 
and to a production method therefor. 

Conventional electromagnetic steel sheens easily 
develop rust,, and thus special care has been cak.ee to 
prevent rusting during transportation and storage. 
Accordingly , for example,- in packaging an electromagnetic 
steel sheet, the electromagnetic steel sheet needs to be 
trapped carefully with antirust paper and stored in & place 
that is as dry as possible. This is extremely complicated 
and sometimes resting occurs despite all these careful 
precautions , 

Electromagnetic steel sheets are used in a wide range 
of arses and frequently used in a rust-developing 

steel sheer, surfaces with paints, oil, and the. like are 
taken to prevent rusting,- which extremely complicates the 
production process, 

Addition of an element such as Cr, Ni f or the like to 
impart corrosion resistance and weatherability to the steel 
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has been conducted to cats. However, addition of such an 
element to an electromagnetic steel sheet inevitably 
deteriorates the magnetic properties, Thus, development of 
en electromagnetic steel sheet that simultaneously achieves 
excellent magnstic properties end weather abi 1 i ty is desired. 

The present invention has been made under such 
circumstances and provides a nonoriented electromagnetic 
steel sheet having we&therability in which addition .of Cr to 
the steel improves the weather ability when compared with 
conventional electromagnetic steel sheets but does not 
substantially deteriorate the magnetic properties. A 
production method for the nonoriented electromagnetic steel 
sheet is also provided. 

In other words, the present invention provides a 
nonoriented electromagnetic steel sheet having 
weatherability, containing, on a weight basis, C £ 0.015%, 
Si 1 to 3,5%, Mn < 0.5%, and Cr 1 to 5.5% as main 
constituent alloying elements and the balance being Fe and 
impurities and a production method for such a nonoriented 
electromagnetic steel sheet. 

The present invention will now be described in detail « 

Since the carbon content in the nonoriented 
electromagnet ic steel sheet of the present invention is 
preferably as low as possible from viewpoints of magnetic 
properties and weatherability, the carbon content in the 



product is iisuitsd to 0.015% or less. The C content in the 
ingot t i.e., the raw material used in the production, is 
limited to 0.1% or less for the same, .reason but is 
preferably 0.05% or less. Addition of 1% to 3% of Si 
markedly improves magnetic properties but the imprc-vasxent 
becomes moderate at 3% to 3,5%. At a Si content of 3.5% or 
mors, magnetic properties do not improve much but cold 
workability deteriorates rapidly. Thus, the Si content is 
limited to 1% to 3.5%, 

An adequate amount of Mn is preferably contained since 
Mn improves mechanical properties although it deteriorates 
mjgr-.ec.ie properties. Thus, the Hn content is limited to 
0-5% or leas- 

As the amount of Cr increases, the vest her ability 
improves. However, the magnetic properties deteriorate as 
the amount of Cr increases. Thus, the Cr content is limited- 
to Ik to 5.5%. In such a case, at a Cr content less than 1%, 
weatherahility cannot be sufficiently exhibited. 

Phosphor deteriorates workability if added in a large 
amount and sulfur deteriorates magnetic properties. Thus, 
their contents need to be 0,05% or less and are preferably 
0,01% or less, if possible. 

The production method will now be described in detail. 

An ingot or a continuously cast workplace having the 
above-described composition is processed by selecting an 
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adequate conventional process such as blooming or hot 
rolling as necessary so as to obtain a hot-rolled sheet 
having a predetermined thickness. The hot. -rolled sheet is, 
for example,, pickled to remove the oxide coating films on 
the hot -rolled steel sheet surfaces and subjected to primary 
cold rolling at a reduction ratio of 40% to 30% to obtain & 
primary cold-rolled sheet. After washing off the grease 
that adhered on the sheet surfaces' during cold roiling , the 
primary cold- rolled sheet is subjected to intermediate 
annealing in a furnace in a non-oxidative atmosphere 
maintained at 8 50 a C to 1G0C°C for 30 s&irmtes or less. Then, 
secondary cold rolling is performed at a reduction ratio of 
2% to 50% so as to obtain a cold roiled sheet having a 
predetermined thickness. Then finish annealing is performed 
in a furnace in a reductive atmosphere maintained at 350*0 
to 120 Q*C for 20 hours or less to control the C content in 
the product steel sheet to 0.015% or less. 

In this case, the basic procedure is to conduct 
intermediate annealing after the first cold rolling and then 

deteriorated by addition of Cr are difficult to improve 
through a method other than this. Moreover, the conditions 
for primary and secondary cold rolling and the conditions 
for the finish annealing must be determined on the basis of 
to the values of target magnetic properties. 
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The present invent ion will' now be described in further 
detail by way of Examples- 
< ~. 

Nonorientsd electromagnetic steel sheets were produced 
by three types of production processes shown in Table 2 from 
eight types of steel having compositions shown in Table 1 as 
raw materia is , 

In Table 1, steel samples 1 to 4 are of the 3% Si 
series,, and steel samples 5 to 8 are of the 1,51 Si series. 

First., in order to confirm improvements in 
weatherability made by addition of Cr, the resulting 
products were subjected to dissolution weight loss testing 
using hydrochloric acid end nitric acid and humidity testing 
involving continuous exposure to an atmosphere of a 
temperature of 50°C and humidity of 03% for 48 hours. The 
results are shown in Table 3. 

The results show that compared to conventional 
electromagnetic steel sheets of Comparative Examples, the 
products of the present invention clearly showed 
improvements in weather abi lity . 

An Epstein specimen was cut out from each of the 
resulting products. The iron loss and the magnetic flux 
density of the specimens from the products produced through 
production processes ft and B were measured after strain 
relief tempering end those of the specimens from the 
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products- produced through production process C were measured 
after cutting, The results and the carbon contents £%) of 
the products are shown in Sable «. as the table clearly 
shows, there is substantially no difference in magnetic 
properties between Comparative Examples to which no cr was 
added and the products of the present invention. Thus,- this 
shows that the steels of the present invention not only have 
magnetic properties comparable to those of the conventional 
products but also exhibit excellent weather-ability , 

For reference,, the comparison of the results of the 
humidity test shown in Table 3 is shown Figu X, and the 
comparison of the iron loss values in Table .4 is shown in 
Fig. 2. 

Note that in Examples described above, only the 
examples of the standard ingot making are described. 
However, the steel of the present invention can be produced 
through a continuous casting method also. Naturally, the 
resulting products will have the same advantages as those 
described in these ' Examples . 
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Table 2 

: ; i^ ^££^izzzz z....."z" " rin 

Common; electric furnace (ingot) -* vacuum degassing -* - 
making ~» blooming {1200*C) -* 3 m/m hot-rolled sheet 

~i > A 

~» B 

_ -» C ____ 

A: 3 - - hot-rolled sheet > _v. „ -> ^ - 

rolling ~» S50 S C x 5 min intermediate annealing ~* Q.S m/m 
secondary cold roiling -* dry Ha gas, 1150 "C x 20 hours, 

mealing* _____ 

B ~ : v:~~r.ociec sheer * r c . . * „ : .-; . ^ w _ ~ 

roiling ■■» 330* C x 5 min intermediate annealing 0.5 m/H 
. : r-ol] Lng -* dry H 2 gas, 2150°C x 7 hours, 

C: 3 m/'m hot-rolled sheet -» pickling ~~> ■„.*>>> ?Vm nriSary 
cold rolling <-* 900 'C x S min intermediate annealing ~» 0.5 
a/a secondary cold rolling •> dry Ha gas, 900*C '% 5 min, 

: 

JLL-clZl „ , :r „„ ?£ t~~ » ^* - - 



4 , Brief Description of the Drawings 

Fig,: 1 is a graph 'showing the difference in amount of 
rust developed during the humidity test between a product of 
the present invention and Comparative Example . Fig. 2 is a 
graph showing a comparison of iron loss between the products 
of the present invention and Comparative Examples . 
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